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Based on the Atomic Bomb Casualty Commission/Radiation
Effects Research Foundation series of over 5,000 autopsies,
we examined death certificate accuracy for 12 disease cate-
gories and assessed the effect of potential modifying factors
on agreement and accuracy. The overall percentage agree-
ment between death certificate and autopsy diagnoses was
only 52.5%. Although neoplasms had the highest detection
rate, almost 25% of cancers diagnosed at autopsy were never-
theless missed on death certificates. Confirmation and detec-
tion rates were above 70% for neoplasms and external causes
of death only. Confirmation rates were between 50 and 70%
for infectious diseases and heart and other vascular diseases.
Detection rates reached a similar level for infectious, cere-

brovascular, and digestive diseases. Specificity rates were
above 90% for all except the cerebrovascular disease category.

Overall agreement decreased with increasing age at death
and was worse for deaths occurring outside of hospital. There
was some suggestion that agreement improved over time, but
no indication that radiation dose, sex, city of residence, or
inclusion in a biennial clinical examination program influ-
enced agreement. Since the inaccuracy of death certificate
diagnoses can have major implications for health research
and planning, it is important to be aware that their accuracy
is low and that it can vary widely depending on cause, age,
and place of death. (Epidemiology 1994; 5:48-56)
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Recent evaluation of mortality data has revealed an
apparent increase in mortality rates over time for sev-
eral major cancer sites. 1,2 Findings from other studies,
however, raise questions concerning the overall
accuracy of death certificate diagnoses3-12 and the pos-
sibility that observed increases in mortality may be
due, in part, to improvements in death certificate
diagnoses.13 -15

When mortality data from the atomic bomb survi-
vors indicated an increased risk for non-cancer causes
associated with radiation, 16 the issue of misclassification
in death certificate diagnoses was also raised. The
Atomic Bomb Casualty Commission (ABCC) and later
the Radiation Effects Research Foundation (RERF)
have been conducting a study of the long-term effects
of radiation exposure from the atomic bombs. 17,18 The
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Life Span Study (LSS) includes about 94,000 survivors
(exposed and nonexposed) and 27,000 individuals who
were not in Hiroshima or Nagasaki at the time of the
bombings (not-in-city). Since the start of the ABCC/
RERF research program, several analyses of the accu-
racy of death certificate diagnoses compared with au-
topsy findings have been published. 19-23 The earlier
studies, however, either analyzed cancer only or were
limited to data collected at the time of analysis. The
present paper is based on all autopsies conducted on
deceased members of the LSS cohort. It aims to eval-
uate the representativeness of the autopsy sample in
relation to the entire LSS cohort, measure the accuracy
of death certificate diagnoses for non-cancers as well
as cancers, and assess the effect of potential modifying
factors on agreement between death certificate and
autopsy diagnoses.

Methods
During the 40 years of the ABCC/RERF autopsy
program (1950-1987), procurement policies, tech-
niques, and success rates changed. Before 1961, the
autopsy program included cases regardless of whether
they belonged to the LSS cohort. Of the 2,873 autop-
sies performed through 1960, only about one-quarter
of the cases were part of the LSS cohort. After 1961,
however, emphasis was placed on obtaining a repre-
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sentative sample of LSS deaths. To maintain consist-
ency and to enable analyses related to radiation dose,
we restricted this study to autopsies conducted on
members of the LSS population. The “underlying
cause” of death from death certificate and “principal
cause” of death at autopsy were originally coded ac-
cording to the International Classification of Diseases
(ICD) edition used at the time of death. We analyzed
the data using 12 major categories, or a refinement in
which the neoplasms were studied in greater detail.
The categories as classified in ICD924 are: infectious
and parasitic (001-139; 511.9); neoplasms (140-208;
210-229; 230-239); endocrine and metabolic (240-279);
blood (280-289); cerebrovascular (430-438); heart and
other circulatory (390-429; 440-459); respiratory (460-
510; 511.0, 511.1, 511.8; 512-519); digestive (520-579);
urinary (580–599); ill-defined (780-799); all other dis-
eases (290-389; 600-779), and external causes (800-
999).

To assess the representativeness of the autopsy sam-
ple, the proportions of autopsies performed were com-
pared by sex, age at death (<50, 50-59, 60-69, 70-79,
>=80 years), year of death (1950-1960, 1961-1965,
1966-1970, 1971-1975, 1976-1987), place of death
(hospital, other), death certificate diagnosis categories
(as described above), radiation dose [not-in-city, <0.01,
0.01-0.49, 0.50-0.99, >=1 gray (Gy)], city of residence
(Hiroshima, Nagasaki), and inclusion in the LSS Adult
Health Study (AHS) biennial clinical examination pro-
gram (yes, no). Logistic regression analyses, using the
CATMOD procedure of the Statistical Analysis Sys-
tem (SAS) were performed to assess the main effects
of covariates on the probability of agreement between
death certificate and autopsy diagnoses. We excluded
cases without dose estimates from these analyses. Se-
lected interactions were also tested by adding the
indicated terms to the main effects model and compar-
ing to the reduced models.

The validity and completeness of the underlying
cause of death coded on the death certificate were
determined by calculating confirmation rate (positive
predictive value), detection rate (sensitivity), and spec-
ificity using the principal cause of death on autopsy as
the standard. In addition, we calculated the ratio of
the detection to the confirmation rate. This ratio minus
one, which we called correction factor, measures the
extent to which a cause of death is over- or under-
stated.

Results
Autopsies were performed on 6,613 (14.3%) of the
46,331 deaths occurring among members of the LSS

cohort from 1950 to 1987. Of these, 5,130 (77.6%)
were autopsied at RERF, and 1,483 (22.4%) were
autopsied at hospitals outside RERF. The mean age at
autopsy was 68 years, but it was somewhat less (63.7
years) for autopsies not performed at RERF. Compared
with all deaths in the LSS cohort, proportionally more
autopsies were performed on males, people who died
in a hospital, and people who died of cancer (particu-
larly leukemia) or non-neoplastic blood disorders than
females, people who died outside of hospital, and
persons who died of other diseases, respectively (Table
1). Individuals who died of external causes or who died
after age 80 years were autopsied less frequently than
those who died of disease or at younger ages. Before
1961, autopsy rates were low, but after the introduc-
tion of the LSS autopsy procurement program, the
rates increased dramatically and then declined. Autop-
sies also were performed more frequently among de-
cedents who had received higher radiation doses, had
lived in Hiroshima, and who had belonged to the AHS
study sample than those who had been exposed to
lower radiation doses, lived in Nagasaki, or had not
been included in the AHS sample. Because autopsies
done at RERF were found to be more representative
of the total LSS deaths than those done outside RERF, I

we restricted the rest of the data analysis to the 5,130
RERF autopsied cases.

When we assessed confirmation and detection rates,
neoplasms, the single largest disease category, showed
the best agreement (Table 2). Only 9.1% of deaths
reported as due to cancers by the certificates were non-
neoplastic disease as judged by autopsy. Nonetheless,
24.3% of cancers diagnosed at autopsy were missed on
death certificate. In addition to neoplasms, confirma-
tion and detection rates were above 70% solely for

external causes of death. Confirmation rates were be-
tween 50 and 70% for two categories (infectious and
parasitic diseases, and heart and other circulatory dis-
eases), and detection rates reached a similar level of
accuracy for infectious and parasitic, cerebrovascular,
and digestive diseases. Specificity rates were above 90%
for all except cerebrovascular diseases.

Using 12 cause-of-death categories, the overall per-
centage agreement between death certificate and au-
topsy diagnoses was 52.5% (Table 3). The kappa statis-
tic was 0.44, which indicated moderate agreement
according to the nomenclature suggested by Landis
and Koch.25 There was a meaningful difference in the
level of agreement by the autopsy cause of death. We
found that over one-third of the diseases erroneously
reported as neoplasms on death certificates were ac-
tually digestive diseases according to autopsy findings.
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There was a great deal of overlap between cerebrovas- we observed less death certificate misclassification, and
cular diseases and heart and other circulatory disease it was not concentrated in a single disease category.
categories. Of the 697 misclassified cerebrovascular Almost half of the “ill-defined” causes of death were,
disease death certificates, 434 (62%) had an autopsy in fact, circulatory diseases.
diagnosis of heart and other circulatory diseases. For When we tested for main effects on the probability
the category of heart and other circulatory diseases, of agreement, we found that overall agreement de-

50 Epidemiology January 1994, Volume 5 Number 1



DEATH CERTIFICATE AND AUTOPSY DIAGNOSES

TABLE 2. Frequency and Confirmation, Detection, and Specificity Rates by Cause of Death among 5,130 LSS
Deaths Autopsied at RERF
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creased with increasing age at death and was worse
when people died outside of hospital. Analysis by time
period suggested that agreement improved somewhat
over time, but there was no indication that radiation
dose, sex, city of residence, or inclusion in the AHS
influenced agreement.

For the six disease categories with a sufficient num-
ber of cases, we looked for the effects of explanatory
variables on confirmation and detection rates (Table
4). The one factor that influenced at least one of these
two measures for every disease group was age at death.
Confirmation and detection rates were poorer when
persons died at ages 60 or older than when they died
at younger ages. For neoplasms, detection rates were
almost 35% lower for persons who died after age 75
compared with those who died before age 60. For
persons dying from infectious diseases, the reduction
in the detection rate was 79%.

Detection was notably better for deaths occurring
in hospitals for infections, neoplasms, and digestive
diseases. Confirmation was better for deaths in hospital
for digestive diseases and worse for heart and other
circulatory diseases. The effect of time period was not
always consistent. For cerebrovascular diseases, there
was a trend for detection rates to decrease and confir-
mation to increase over the years, whereas for heart
and other circulatory diseases, the trends appeared to
be in the opposite direction. Radiation dose appeared
to have no modifying effect on agreement. For infec-
tious diseases, there was some suggestion that dece-
dents exposed to doses less than 0.01 Gy had higher
confirmation rates than those with doses above 0.01
Gy. Given the large number of tests performed, how-
ever, this finding is of limited importance.

Although agreement and net change (the difference
in the number of cases in a specific disease category,
depending on whether the diagnosis from death cer-
tificate or autopsy is used) are frequently correlated,
losses in one category can be compensated by additions
from another category. Despite the fact that agreement
was very poor for digestive diseases, the net change
was relatively minor: on death certificate there were
391 and on autopsy 358 cases, for a net change of only
8%. For oral cancers, there was agreement on only 9
of a total of 17 oral cancers mentioned on either death
certificate or autopsy. The mortality rate over the
entire study period would be correct, however, because
an equal number of oral cancers were reported on
autopsy and on death certificate.

Specific diseases were often underreported, whereas
the nonspecific rubric “ill-defined” was used too fre-
quently (Table 5). The correction factor indicates that

most of the more common forms of neoplasia would
be understated in vital statistics. The death rate from
heart and other circulatory diseases would be under-
stated by about 35% based on death certificates. In
contrast, the importance of endocrine diseases, diseases
of the blood, and cerebrovascular diseases would be
substantially overstated. The number of deaths in these
categories is small, however, and the correction factors
have wide confidence intervals.

When we analyzed neoplastic deaths in detail, we
found that they often were confirmed to the specific
organ system involved (Table 3). The detection rates,
however, were smaller than the confirmation rates.
Furthermore, when cancers were missed on death
certificates, they were usually assigned to causes other
than cancer, often to non-neoplastic diseases of the
same organ system (Table 6). Eighty-seven per cent of
the deaths reported as cancers of the digestive system
on death certificates were confirmed at autopsy, but
26% of the digestive system neoplasms found on au-
topsy were missed on the death certificate. Of the
missed cancers of digestive organs, 83% were recorded
as non-neoplastic. Of these errors, 31% were assigned
to non-neoplastic digestive diseases. Although it is
common knowledge in Japan that the death rate from
cancer of the stomach is among the highest in the
world, still almost 30% of the deaths were incorrectly
diagnosed on death certificates. Among decedents age
75 years or more, about one-half of the deaths were
misclassified. For other organs within the digestive
system, accuracy was especially poor for liver, gallblad-
der, and pancreatic cancer. Even when we combined
these three organs into a single entity, the detection
rate was only 50%.

Cancers of the respiratory system accounted for just
over 4% of all deaths and 15% of deaths attributed to
cancer on autopsy. The detection rate, however, was
only 54% and was especially low for deaths occurring
outside of hospital (44%) or among persons age 75
years or more (42.5%). Of the respiratory cancers
reported as non-neoplastic, 38% were reported as tu-
berculosis. The confirmation and detection rates for
leukemia were relatively high and, with the exception
of year of death, did not vary meaningfully with any
of the factors examined. After 1961, the confirmation
rate improved, but the detection rate, unexpectedly,
grew worse.

Discussion
The accuracy of death certification can be evaluated
by comparison with the results of autopsy. The use of
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TABLE 5. Estimated Adjustment Factors for Major
Disease Categories

Disease Group Correction
Factor (%)

Infectious and parasitic –15

Neoplasms
Lip, etc
Digestive organs

Esophagus
Stomach
Colon
Rectum
Liver
Gallbladder
Pancreas
Other

Respiratory
Breast
Genitourinary
Hematopoietic
Other

-17
00

–15
–16
–14
-31
+05
+60
-78
–39

-200
–33
–22
–26
–15
–07

Endocrine +l00

Blood +100

Cerebrovascular +69

Heart, ocher circulatory -35

Respiratory –18

Digestive +09

Urinary - 2 0

Ill-defined +614

Other diseases -13

External causes –01

autopsy data as the “gold standard” for determining
cause of death has certain limitations, however. Pa-
thologists, of course, can err, and clinical data that are
useful in determining the underlying cause of death
are not always available to the pathologist. Further-
more, there may be selection factors biasing those
deaths which come to autopsy. Unfortunately, many
autopsy series are severely biased because the attending
physician is more likely to request an autopsy when
the cause of death is uncertain. In order to serve as
the basis for an unbiased estimate of the accuracy of
death certification, an autopsy series should satisfy
several criteria: it should be unselected in terms of
disease or patient characteristics; there should be no
selection in relation to the skill of the attending phy-
sician; it should include deaths occurring outside of
hospital; it should be representative of all deaths in the

population to be studied; and the certifying physician
must not be aware of the results of the autopsy.

The ABCC/RERF autopsy series has many of the
desired characteristics. It includes more than 6,613
autopsies performed over a long period of time; per-
sons of all ages and both sexes are represented; and
death certificate diagnoses were determined independ-
ently of autopsy findings. One of the major strengths
of the RERF autopsy series is that during most of the
autopsy program, permission for autopsy was solicited
from families of all deceased LSS subjects. Thus, unlike
many other series, deaths selected for autopsy were
not chosen for any clinical reason. Furthermore, in
Japan, the very short time between death and crema-
tion or burial provides no opportunity for the results
of the autopsy to be made known to the doctor who
certified the cause of death. In addition, it is one of
the few series to include a large number of non-hospital
deaths.

In this series, the rate of overall agreement was

TABLE 6. Cancer Deaths Erroneously Assigned to
Other Causes of Death on Death
Certificates

Cancers Missed Number Erroneous Certifications

Digestive organs 225 187 non-neoplastic
(58 digestive; 62
vascular; 67
other)

38 other neoplastic
(5 lung; 5 female
genital; 21 ill-de-
fined; 7 other)

Respiratory system 104 74 non-neoplastic
(28 tuberculosis;
21 vascular; 10
respirator; 15
other)

30 other neoplastic
(14 ill-defied; 16
other)

Genitourinary system 79 46 non-neoplastic
(21 vascular; 5
digestive; 9 geni-
tourinarv; 5 ill-
defined; 6 other)

33 other neoplastic
(17 digestive; 12
ill-defined; 4

Hematopoietic

other)

31 17 non-neoplastic (4
blood; 13 other)

14 other neoplastic
(6 digestive; 6 ill-
defined; 2 other)
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52.5% when the underlying cause of death on death
certificate and principal cause of death reported at
autopsy for 12 disease categories were compared. Al-
though it is difficult to compare with other studies
because of different time periods, age composition, and
place of death, some studies performed in other coun-
tries are consistent with our findings. Engel et al 4

evaluated 257 autopsied cases from Atlanta, GA, using
14 disease categories and found an overall agreement
rate of 49.4%, and Cameron and McGoogan5 reported
61% agreement when only 9 categories were used in a
study of 1,152 cases in Scotland. The rate reported by
Kircher and colleagues,7 however, was unusually high
(71% using 17 disease categories), based on 272 autop-
sies in Connecticut. Most recently, Modelmog et al 12

also found 70% agreement using 17 categories based
on 1,023 autopsies performed in East Germany. These
results, however, are based on deaths occurring in
1987 only, whereas the RERF series includes deaths
occurring over a 40-year period.

Even when we used as general a distinction as
neoplastic/non-neoplastic deaths, 24% of neoplasms
were reported as non-neoplastic on the death certifi-
cate. This may, in part, reflect a reluctance in Japan to
report cancer as the cause of death, but others also
have reported detection rates for neoplastic disease
between 70 and 80%.3,4,6,9,12 Both liver cancer and
leukemia were unusual among the various forms of
cancer in that they were overstated on death certifi-
cates. For liver cancer, this was probably because met-
astatic cancers were erroneously reported as primary
liver cancer. Since leukemia is known to be in excess
among the exposed survivors, the high leukemia de-
tection rates may not be surprising.

Our finding that the detection rates for non-neo-
plastic diseases were substantially worse than for neo-
plastic diseases was particularly discouraging because
the opportunity for studying non-cancer incidence is
limited since there are few population-based registries
for these diseases.

Since many deaths occur at home or in nursing
homes, particularly among the elderly, these deaths are
of special interest. As expected, we, as well as others, 12

found death certificate accuracy to be considerably
better for hospital than non-hospital deaths overall.
We did not see this for all 12 disease categories,
however. For cerebrovascular, heart and other circu-
latory, and respiratory diseases, there was no difference
in accuracy between hospital and non-hospital deaths.
It maybe that many of the patients dying at home with
these diseases had been hospitalized shortly before
death.

Epidemiologic studies which evaluate disease-spe-
cific time trends are especially sensitive to erroneous
death certificate diagnoses and to changes in error
rates. When new diagnostic technologies, such as the
computed tomography scan or magnetic resonance
imaging, are introduced, they improve the accuracy of
diagnosis, and hence of death certificates, for some
diseases. As a result, observed changes in reported
mortality rates may be unreliable indicators of changes
in the occurrence of particular diseases. Using the
RERF autopsy series, Ron et al 15 have shown that,
between 1976 and 1987, there was a significant rise in
detection rates for certain cancers which could at least
partly explain their reported increase in mortality.
Studies evaluating associations between disease-specific
mortality and geographic regions or populations with
different risk factors are also affected by death certifi-
cate errors. If the levels of detection and confirmation
vary for population groups, then comparisons of mor-
tality rates can be severely biased. The inaccuracy of
death certificate diagnoses also has important implica-
tions for health care planning. When expensive, high-
technology equipment is acquired based on needs pro-
jected erroneously from death certificates, resources
are misallocated. The same would be true for calculat-
ing optimal distribution of health and medical services.

Since the aim of most RERF studies is to evaluate
the effects of radiation exposure, the finding that cause
of death accuracy was not affected by radiation dose is
of paramount importance because it suggests that dose
effect estimates are not biased by death certificate
inaccuracies. Sposto  et a1 26 used data from the autopsy
series to evaluate the effect of misclassification of can-
cer and non-cancer deaths on dose response. Assuming
misclassification rates of 20% for cancer and 3% for
non-cancer, they found that correcting cause of death
misclassification reduced the non-cancer excess relative
risk at 1 Gy by 21% and increased the cancer mortality
excess relative risk at 1 Gy by 12%. But, although
there was a difference in the point estimate of the risks
due to misclassification, the recently reportedly radia-
tion dose response demonstrated for non-cancer
deaths was still observed. In fact, as long as misclassi-
fication did not depend on radiation dose, even a
cancer misclassification rate as high as 36% did not
alter this result.26

The inaccuracy of death certificate diagnoses has
been described often, but as Glasser27 points out,
improving the accuracy of death certificate diagnoses
is extremely difficult. Possible strategies for improving
results obtained using death certificates include: ob-
taining additional information so that death certificate
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diagnoses can be reviewed in individual studies; audit-
ing death certificates from disease groups or popula-
tions which are known to have poor accuracy rates;
incorporating statistical methods to adjust for diagnos-
tic misclassification26; or restricting attention to diag-
nostic groups with acceptable detection and confir-
mation rates.28

Data based on death certificate diagnoses will con-
tinue to be used despite the fact that errors are fre-
quent, because they are relatively complete, they usu-
ally are required by law, incidence data are difficult to
collect, and more accurate mortality data are frequently
not available. Thus, although it is important to be
aware that the accuracy of death certificate diagnoses
is low, it is also true that many studies based on them
have been highly informative.
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